SUMMARY One hundred and forty-two patients with 'definite' or 'classical' rheumatoid arthritis (RA) were studied for the frequency and possible prognostic significance of HLA DR4. Of these, 122 were seropositive, while 20 were negative for rheumatoid factor (RF) in serum. The HLA antigen DR4 was significantly increased in the seropositive group (65 %) as well as in the seronegative group (55%) in comparison with a frequency of 27% in 116 healthy controls. Among seropositive patients a higher frequency of DR4 was found in females (73 %) than in males (50%), the difference being statistically significant (p<0O01). DR4 was more frequent among patients with a family history of RA (74%) than among patients without affected relatives (57%). DR4 appeared to be associated with an early onset of RA. No significant differences in general disease activity or functional capacity between DR4-positive and DR4-negative RA patients were found. Patients without the HLA antigen DR4 had a significantly (p<005) higher mean titre of RF than those with the antigen.
The first observation of a possible association between the HLA system and rheumatoid arthritis (RA) was made by Astorga and Williams in 1969 .' They reported that lymphocytes from some patients with RA failed to respond to each other in mixed lymphocyte culture (MLC) assay but stimulated and responded when mixed with cells from other, unrelated individuals. A shared HLA antigen among patients was the most likely explanation. Several authors then failed to establish an association of RA with HLA A and B antigens. 2`4 In 1977, however, McMichael et al.' found that the frequency of the HLA antigen D4 was significantly higher in patients with RA (36%) than in controls (13%). The relative risk of getting RA among Dw4 positive persons was calculated to be 3-0. Their findings were later confirmed by Stastny6 and Roitt et al. 7 Furthermore, it has been assumed that patients with positive tests for DR4 are more likely to have severe RA.5 It was also suggested by Khan et al.8 Histocompatibility testing9 and in the studies of Dobloug et al.' a normal frequency of DR4 in seronegative RA patients was reported.
A preliminary report on HLA DR4 in RA published by our groups" confirmed the observation of increased frequency of HLA DR4 in seropositive RA patients. However, no association between HLA DR4 and an aggressive clinical course could be established. We here report an extended study on the association between HLA DR4 and RA and various disease parameters of this disorder.
10X1 years (range 0 5 to 34 years), determined retrospectively by careful questioning of the patients about the start of their arthritic symptoms. All the patients had typical erosive x-ray abnormalities characteristic of the disease.
122 patients (86%) were positive for rheumatoid factor (RF). Twenty patients (14%) had negative reactions when repeatedly tested for RF. Originally the latter group consisted of 40 patients who were observed for a period of 2 years. To be included in the final seronegative group a patient had to fulfil the ARA criteria for RA, and all repeated tests for RF had to be negative. We also required a disease duration of more than 3 years, absence of psoriasis, and no family history of inflammatory bowel disease, psoriasis, or other seronegative rheumatic diseases. At the end of the observation period all patients in this group had x-rays of the lower part of the spine and the sacroiliac joints. They were questioned about low back pain and examined for disease of the sacroiliac joints and the spine. Patients with any signs of sacroiliitis were excluded. By these criteria 20 patients were excluded from the original 40 patients with seronegative RA, 9 because roentgenograms showed no signs of peripheral arthritis, 3 converted into seropositivity during the observation period, 2 had roentgenographic evidence of sacroiliitis, 4 developed psoriasis, and 2 were excluded because of psoriasis and ulcerative colitis in their families. Four patients were excluded from the calculations of HLA antigen frequencies because of a familial relationship.
127 patients had received treatment with gold, penicillamine, chloroquine, or systemic corticosteroids. In (Table 1) . The difference between RFpositive and RF-negative RA was not statistically significant. The frequency of DR4 in the original group of 40 RF-negative patients was 42-5 %, which was also increased, but the increase was not statistically significant when compared with normal controls. To our surprise the DR4-negative patients were shown to have a significantly higher titre of RF than the DR4-positive ones, 759 versus 545 respectively. Among the RF-positive patients the increased frequency of DR4 was most prominent among female patients, namely, 73 % as compared with 50 % among males (p<001). The relative risk for persons with DR4 of getting RA was calculated to be 7 0.
The HLA antigen B27 which is known to be drug classification (data not shown). Similarly there was no significant difference in drug use between the 2 sexes, but a slightly higher use of drugs on average was noted among the DR4-negative males. A comparison of the degree of bony destruction seen on x-ray in DR4-positive and DR4-negative patients showed that patients without the antigen had slightly more (but not significant by so) extensive x-ray destruction than the DR4-positive patients. DR4 and general disease activity. There was no significant difference between DR4-positive and DR4-negative patients. The haemoglobin concentration was somewhat lower in DR4-positive than in DR4-negative patients, both in the RF-positive and in the RF-negative group, but the difference was not significant.
The small differences in ESR between DR4-positive and negative patients, between RF-positive and RF negative ones, and between males and females did not reach statistical significance. Haptoglobin and orosomucoid levels (not shown) and thrombocyte counts (not shown) showed no significantly deviating values between the different groups. Duration of morning stiffness was the same among DR4-positive and DR4-negative patients. RFnegative patients had slightly more prolonged morning stiffness than the RF-positive patients, the longest duration being found in DR4-positives, but the difference was not significant when compared with DR4-negative patients.
DR4 and serum levels of immunglobulins. All the RA patients had serum levels of the immunglobulin classes, IgG, IgA, and IgM within the normal range. In the RF-positive group the immunglobulin concentrations did not differ significantly among DR4-positive and DR4-negative patients. The IgG concentration was similar in RF-positive and RFnegative patients, the concentration of IgM was somewhat higher in the RF-negative group, while the IgA concentration was significantly higher among the RF-positive, 3.3 mg/ml versus 2 4 mg/ml respectively (SI: 3.3 and 2-4 g/l). DR4, subcutaneous nodules, and antinuclear factors. Although the difference was not statistically significant, the DR4-negative patients had a higher frequency of subcutaneous nodules and antinuclear factors in the serum (not shown). DR4 The frequency of DR4 in seropositive RA (65 %) was found to be only a little higher than in the seronegative group (55%), and this difference was not statistically significant. Furthermore, the mean titre of RF in the DR4-negative group was indeed found to be significantly higher than that in the DR4-positive group. These findings are supported by those of Panayi and coworkers'7 and by the study of Engleman et al., 18 the latter making similar observations on healthy women with positive tests for RF. In contrast, another Norwegian study10 found a positive correlation between the presence of DR4 and the production of RF in patients with RA, which also was confirmed by others during the 1980 International Histocompatibility Workshop.9 Cross-checking of sera performed blindly revealed no differences between our laboratories with regard to determinations of RF. A more likely explanation for this apparent discrepancy is therefore different criteria for selection of patients in the RF-negative group. In addition, to assure negative sacroiliac joint x-rays and the absence of psoriasis, we also ruled out patients with ankylosing spondylitis, psoriatic arthropathy, and inflammatory bowel disease among their first-degree relatives, and required a disease duration of 3 years or more.
Furthermore the prospective aspect of our study, with an observation period of 2 years, permitted us to omit 20 patients with seronegative arthropathies other than RA from the study, thus decreasing the original 40 RF-negative patients by 50 %. By doing so the frequency of DR4 rose from 42-5 % in the original group to 55% in the final RF-negative group of RA.
We found higher (not statistically significant) concentrations of IgM in RF-negative RA. This was also at variance with the results of Dobloug et al.,'0 who found the serum concentrations of IgM, IgE, and IgA to be significantly higher in seropositive than in seronegative RA. No difference in immunoglobulin concentrations appeared between DR4-positive and negative patients in our study.
In a preliminary report'1 we questioned the prognostic significance of DR4 in RA, and the present study strongly confirms that no such role of this tissue antigen is evident. Our observations are in agreement with some previous studies'9 but at variance with others.57 Thus McMichael et al.5 found that DR4-positive patients required more aggressive therapy to control their disease and that they had a slightly more severe disease. It is not clear what parameters other than drug classification the authors used to determine the disease severity. Roitt et al.7 found that patients with positive tests for bothDR4 and rheumatoid factor were more likely to have severe disease warranting aggressive therapy, but it is possible that RF was the overriding prognostic factor in their studies. One reason for the discrepancies between our results and those of others57 8 may be that we have used the functional capacity as a main basis for prognosis of RA. We feel uncertain about using the medical therapy needed to control disease activity as an index of the severity of the disease, as it is greatly influenced by the medication policy of the clinicians involved. However, in our studies no difference with respect to drug classification was found between DR4-positive and negative patients.
Our results confirmed previous reports20 of an association between presence of DR4 and early onset of RA. In some studies2' a late onset on RA has been shown to be associated with a severe prognosis. That appeared to be true also in this study. It cannot be excluded that higher age at onset of RA among the DR4-negative patients compensated for an eventual difference with respect to functional outcome. The 2 groups are comparable with respect to disease duration and age, 2 factors, generally accepted as influencing functional capacity. An interesting observation was that the patient's age and the disease duration influenced the functional capacities only of those patients whose disease started after 40 years of age. It is not clear why the prognosis in our patients with early onset of disease was not influenced by age or disease duration. However, it appears that the disease per se is most important for the functional prognosis when it starts earlier in life.
Our patients represented the most disabled and severely diseased patients requiring admission to hospital for their RA, and among these patients DR4 allowed no discrimination with respect to functional prognosis or general disease activity. To determine more precisely the influence of DR4 on the prognosis of RA, all categories of RA in a given population should be studied prospectively, and such studies are now in progress.
The present study confirms previous observations'6 that DR4 is particularly likely to be increased in RA patients with a family history of the disease. However, it was interesting that more than 25 % of our patients were negative both with respect to DR4 and a family history of RA, indicating that factors other than the HLA DR4 are related to the aetiology of the disease. A possible explanation is that an antigen closely linked to DR4 is common to all RA patients. Another possibility, yet to be proved, is that RA is a syndrome of multifactorial aetiology. 
